Hypertensive disorders during pregnancy complicate ~7% of all pregnancies and are important causes of maternal and perinatal morbidity and mortality worldwide. 1,2 Increased maternal age has been suggested as risk factor for the development of hypertensive disorders during pregnancy. [1] [2] [3] [4] The pathway of this association remains unclear. It might be attributable to vascular endothelial changes that occur with ageing, but also confounding factors, such as parity and body mass index, might explain the association. 3,5 Furthermore, not much is known about the relationship between maternal age and development of blood pressure levels during pregnancy within the normal range. During early pregnancy, the systemic vascular resistance and mean arterial blood pressure decline and the cardiac output increases. [6] [7] [8] This afterload reduction is partly caused by a higher compliance of the large arteries, which is about 15% higher than in nonpregnant women. 9 In later pregnancy, blood pressure rises again and by term it may reach preconceptional values or higher. 10 A different process occurs with ageing. Older age is associated with a gradual loss of vascular compliance, which subsequently leads to a higher afterload. 7 We hypothesized that differences in hemodynamic adaptations related to pregnancy and ageing might be associated with differences in blood pressure levels during pregnancy. The influence of maternal age on blood pressure levels during pregnancy might thereby partly explain the observed associations between advanced maternal age and the risk of gestational hypertensive disorders.
Hypertensive disorders during pregnancy complicate ~7% of all pregnancies and are important causes of maternal and perinatal morbidity and mortality worldwide. 1, 2 Increased maternal age has been suggested as risk factor for the development of hypertensive disorders during pregnancy. [1] [2] [3] [4] The pathway of this association remains unclear. It might be attributable to vascular endothelial changes that occur with ageing, but also confounding factors, such as parity and body mass index, might explain the association. 3, 5 Furthermore, not much is known about the relationship between maternal age and development of blood pressure levels during pregnancy within the normal range. During early pregnancy, the systemic vascular resistance and mean arterial blood pressure decline and the cardiac output increases. [6] [7] [8] This afterload reduction is partly caused by a higher compliance of the large arteries, which is about 15% higher than in nonpregnant women. 9 In later pregnancy, blood pressure rises again and by term it may reach preconceptional values or higher. 10 A different process occurs with ageing. Older age is associated with a gradual loss of vascular compliance, which subsequently leads to a higher afterload. 7 We hypothesized that differences in hemodynamic adaptations related to pregnancy and ageing might be associated with differences in blood pressure levels during pregnancy. The influence of maternal age on blood pressure levels during pregnancy might thereby partly explain the observed associations between advanced maternal age and the risk of gestational hypertensive disorders.
Therefore, we assessed in a population-based prospective cohort study among 8,623 pregnant women, the associations of maternal age with systolic and diastolic blood pressure in each trimester of pregnancy and the risks of pregnancyinduced hypertension and preeclampsia.
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Methods
Study design. This study was embedded in the Generation R Study, a population-based prospective cohort study from early pregnancy onwards based in Rotterdam, the Netherlands. 11, 12 The study has been approved by the Medical Ethical Committee of the Erasmus Medical Center in Rotterdam (MEC 198 .782/2001/31). Written consent was obtained from all participating women. 13 Enrollment was aimed in first trimester, but allowed until delivery. 12 In total, 8,880 women were enrolled during pregnancy. For the present study, we excluded women without blood pressure measurements (n = 18), leading to 8,862 women. Also, we excluded pregnancies leading to induced abortions (n = 28), loss to follow-up (n = 45), twin pregnancies (n = 92), and fetal death (n = 74). Similar results were found after including fetal death in the analyses. Thus, the cohort for analysis comprised 8,623 women (Figure 1) .
Maternal age. Maternal age was assessed at enrolment in the study. In the analyses, we used maternal age as continuous variable and categorized in six groups: younger than 20 years (n = 375); 20-24.9 years (n = 1,446); 25-29.9 years (n = 2,348); 30-34.9 years (n = 3,172); 35-39.9 years (n = 1,137); 40 years and over (n = 145). Because the median maternal age was the age-group of 30-34.9 years, we used this group as reference in all analyses.
Blood pressure. Blood pressure was measured with the validated Omron 907 automated digital oscillometric sphygmanometer (OMRON Healthcare Europe B.V., Hoofddorp, the Netherlands). 14 All participants were seated in upright position with back support, and were asked to relax for 5 min. A cuff was placed around the nondominant upper arm, which was supported at the level of the heart, with the bladder midline over the brachial artery pulsation. In case of an upper arm exceeding 33 cm a larger cuff (32-42 cm) was used. The mean value of two blood pressure readings over a 60-s interval was documented for each participant.
Pregnancy-induced
hypertension and preeclampsia. Information on pregnancy complications was obtained from medical records or the hospital registries. Women who were reported to have experienced pregnancy-induced hypertension or preeclampsia were selected from the hospital registries. Their individual medical records were subsequently studied. 15 The following criteria were used to identify women with pregnancy-induced hypertension: development of systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg after 20 weeks of gestation in previously normotensive women. These criteria plus the presence of proteinuria (defined as two or more dipstick readings of 2+ or greater, one catheter sample reading of 1+ or greater, or a 24-h urine collection containing at least 300 mg of protein) were used to identify women with preeclampsia. These criteria were defined according to the International Society for the Study of Hypertension in Pregnancy (ISSHP). 16 Covariates. Gestational age was established by fetal ultrasound examination during the first ultrasound visit. 12 Information on educational level, ethnicity, parity, and folic acid supplement use was obtained at enrolment. Information about smoking, alcohol consumption, and caffeine intake were assessed by questionnaires in each trimester. At enrolment height (cm) and weight (kg) were measured without shoes and heavy clothing. Weight was repeatedly measured during subsequent visits at the research centre. Body mass index (kg/ m 2 ) was calculated with these measurements. Maternal distress was measured by questionnaire at 20 weeks of gestation using the Brief Symptom Inventory, 17 which gives a Global Severity Index.
Statistical power. Power calculations were performed based on 7,000 subjects. For a normally distributed continuous outcome it was possible to detect with a type I error of 5% and a type II error of 20% (power 80%) a difference of 0.11 s.d., which corresponds to a difference of 1.3 and 1.0 mm Hg for systolic and diastolic blood pressure, respectively. For preeclampsia and pregnancy-induced hypertension, we were able to detect an odds ratio of 1.39, if 10% of the cohort has the relevant exposure. 12 These differences are smaller or similar as differences that could be detected in previous studies.
Statistical analysis. First, the associations of maternal age with repeatedly measured systolic and diastolic blood pressure were analyzed using unbalanced repeated measurement regression models. These models take the correlation between repeated measurements of the same subject into account, and allow for incomplete outcome data and are described in detail in the Supplementary Methods online. 18 For presentation aims, we categorized maternal age into three categories in these analyses; ≤24.9 years, 25-34.9 years, and ≥35 years. Second, the cross-sectional associations of maternal age with blood pressure in first, second, and third trimester were assessed using linear regression models. For these models, we examined whether the residuals were normally distributed using normal probability plots, and whether the variance of the residuals was homoscedastic and whether the regression 
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Maternal Age and Blood Pressure in Pregnancy models were linear. 19 Third, the associations of maternal age categories with the risks of pregnancy-induced hypertension and preeclampsia were assessed using multiple logistic regression models. Tests for trend were based on multiple regression models with maternal age as a continuous variable. Exclusion of women with pre-existent hypertension from these analyses did not change the results. All models were adjusted for gestational age at visit, educational level, ethnicity, parity, folic acid supplement use, smoking habits, alcohol consumption, caffeine intake, body mass index at each visit, and maternal stress.
We have tested potential interactions with maternal age. 19 We found that the interaction term with prepregnancy body mass index was significant for the association between maternal age and the risk of pregnancy-induced hypertension (P < 0.01).
The interaction term was included in this model. We have also tested the interaction between maternal age and body mass index for the associations with systolic and diastolic blood pressure. We observed only one significant interaction term (P = 0.03, for the association between maternal age and third trimester systolic blood pressure). However, after adjusting for multiple testing, we considered this as not significant. The percentages of missing values within the population for analysis were <15%, except for folic acid supplement use (26%) and maternal stress (24%). We used multiple imputation for missing values in the covariates. The repeated measurement analysis was performed using the Statistical Analysis System version 9.2 (SAS, Institute, Cary, NC), including the Proc Mixed module for unbalanced repeated measurements.
results subject characteristics
Characteristics of all included women for this analysis according to their age are shown in Table 1 . In total, there were 311 cases (3.6%) of pregnancy-induced hypertension and 171 cases (2.0%) of preeclampsia.
Maternal age and longitudinally measured blood pressure Figure 2 gives the blood pressure development during pregnancy for women aged ≤24.9 years, 25-34.9 years, and ≥35 years. Systolic blood pressure was highest among women aged 25-34.9 years. In all age-groups, systolic blood pressure increased throughout pregnancy (Figure 2a) . Women aged ≤24.9 and 25-34.9 years showed the steepest increase in systolic blood pressure. For all age-groups, diastolic blood pressure showed a mid-pregnancy dip, with an increase afterwards (Figure 2b ). Women aged 25-34.9 years had the highest diastolic blood pressure throughout pregnancy, but the steepest increase was observed in those aged 35 years and older. The exact regression coefficients for gestational age-independent (intercept) and gestational age-dependent differences (interaction maternal age and gestational age) are given in the Supplementary Table S1 online.
Maternal age and blood pressure in different trimesters
Maternal age was not significantly associated with first trimester systolic and diastolic blood pressure (for systolic blood pressure: P value = 0.15 and for diastolic blood pressure: P value = 0.20, respectively.) The trend analyses showed that in second and third trimester, older maternal age was associated with lower systolic blood pressure (differences for second and third trimester: −0.9 mm Hg (95% confidence interval (CI): −1.4, −0.3) and −0.6 mm Hg (95% CI: −1.1, −0.02) per additional 10 maternal years). In second trimester, as compared to women aged 30-34.9 years, those younger than 20 years had the highest systolic blood pressure (difference: 1.7 mm Hg (95% CI: 0.4, 3.1)). In third trimester, no significant differences in systolic blood pressure were observed between the age-groups ( Table 2) . Maternal age was not associated with second trimester diastolic blood pressure, but older age was associated with higher third trimester diastolic blood pressure (0.5 mm Hg (95% CI: 0.04, 0.9) per additional 10 maternal years) ( Table 3) .
Maternal age and the risks of pregnancy-induced hypertension and preeclampsia Table 4 shows the associations between maternal age and the risk of gestational hypertensive disorders. We found a significant interaction term between maternal age and prepregnancy body mass index for the association with pregnancy-induced hypertension (P < 0.01), but not for the association with preeclampsia. Stratified analyses, according to body mass index, showed that among mothers with a normal weight no trend was present (odds ratio of 0.98 (95% CI: 0.94, 1.02) per year). Among mothers with overweight and obesity, we observed a positive trend for the association between maternal age and risk of pregnancy induced hypertension (odds ratio of 1.05 (95% CI: 1.02, 1.08) per year). As compared to women aged 30-34.9 years, the risk of preeclampsia tended to be lower among women aged younger (odds ratio of 0.53 (95% CI: 0.32, 0.90)), but the test for trend was not significant.
discussion
Results from this prospective population-based cohort study showed that older maternal age is associated with a lower second and third trimester systolic blood pressure, and a higher third trimester diastolic blood pressure. These small differences between younger and older women are within the physiological range of blood pressure variability. Maternal age is not consistently associated with the risk of gestational hypertensive complications. From our results, we cannot conclude that risk differences for gestational hypertensive disorders between younger and older women are present or that they are explained by differences in blood pressure levels.
Methodological considerations
One of the strengths of this study was the prospective data collection from early pregnancy onwards. We had a large sample size of 8,623 participants with 22,661 blood pressure measurements. However, we had a small number of women in the agegroup 40 years and older. Therefore, results for women aged 40 years and older should be interpreted with caution. The response rate at baseline for participation in the Generation R original contributions
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Study cohort was 61%. The nonresponse would lead to biased effect estimates if the associations would be different between those included and not included in the analyses. However, this seems unlikely because biased estimates in large cohort studies mainly arise from loss to follow-up rather than from nonresponse at baseline. 20 Furthermore, not all women were already original contributions
enrolled in the study in first trimester. Therefore, we did not have first trimester blood pressure measurements in ~25% of the participating women. It seems unlikely that late enrollment has biased our results. We observed only marginal differences in the associations of maternal age with the risk of gestational hypertensive disorders between women who were enrolled during first trimester or later in pregnancy. Detailed information about a large number of potential confounding factors was available in this study. However, because of the observational design, residual confounding due to other sociodemographic and lifestyle related determinants might still be an issue. In addition, information on many covariates in this study was self-reported, which may have resulted in underreporting of certain adverse lifestyle related determinants. Finally, we had relatively small numbers of pregnancy-induced hypertension cases (n = 311) and preeclampsia cases (n = 171), which might Change in systolic blood pressure in mm Hg for women aged 24.9 years and younger and women aged 35 years and above compared to women aged 25-34.9 years based on repeated measurement analysis (systolic blood pressure = β 0 + β 1 × maternal age + β 2 × gestational age + β 3 × gestational age −2 + β 4 × maternal age × gestational age). P value reflects the significance level of β 4 , which reflects the difference in change in blood pressure per week per maternal age category. estimates are given in supplementary table s1 online. (b) Diastolic blood pressure patterns in different maternal age categories. Change in diastolic blood pressure in mm Hg for women aged 24.9 years and younger and women aged 35 years and above compared to women aged 25-34.9 years based on repeated measurement analysis (diastolic blood pressure = β 0 + β 1 × maternal age + β 2 × gestational age + β 3 × gestational age 0.5 + β 4 × maternal age × gestational age). P value reflects the significance level of β 4 , which reflects the difference in change in blood pressure per week per maternal age category. estimates are given in supplementary table s1 online.
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have led to lack of power to assess the associations with pregnancy-induced hypertensive complications.
Maternal age and blood pressure
Studies focused on the association of maternal age and blood pressure development during pregnancy are scarce. A study conducted in 189 Nigerian women, with a mean age of 28 years, reported that maternal age was not associated with systolic blood pressure in any trimester. 21 A positive correlation was reported between maternal age and diastolic blood pressure at 30-38 weeks gestation. 21 In our study, we observed a similar association; older maternal age was associated with a higher third trimester diastolic blood pressure. Also, we observed that older maternal age was associated with a lower second and third trimester systolic blood pressure. Differences in our results and the results of the study among the Nigerian women might be explained by a different age distribution (95% range of the Nigerian study population: 27.4-29.1 years; and 95% range of our study population: 19.2-39.2 years). Also, differences in lifestyle related determinants between the Nigerian and the Dutch population may explain the difference in the observed association.
The mechanisms explaining the differences in age effect on systolic and diastolic blood pressure are not known. It has been suggested that with older age the vascular compliance declines, leading to a higher afterload. This is contradictory to the hemodynamic adaptation during pregnancy, in which the afterload declines. However, this hypothesis is not in line with our observed associations, where older women tend to have a lower systolic blood pressure. The association between older maternal age and a higher diastolic blood pressure could be explained by the fact that during the third trimester blood pressure may reach preconceptional values. The before pregnancy value might be higher in older women compared with younger women, considering that blood pressure increases with age. In the present study, we had no data about prepregnancy blood pressure available.
Furthermore, our hypothesis, that differences in blood pressure levels between younger and older women might be part of the underlying mechanism explaining the association between advanced maternal age and hypertensive complications in pregnancy, is not supported by our results. The blood pressure differences between younger and older women appear to be small and the results regarding the association of maternal age with risk of gestational hypertensive disorders are inconsistent.
Maternal age and the risks of pregnancy-induced hypertension and preeclampsia
We did not observe a consistent association between maternal age and the risk of pregnancy-induced hypertension. The stratified analysis showed that among normal weight women no Values are regression coefficients (95% confidence interval) that reflect the difference in blood pressure in mm Hg per maternal age-group compared to the reference group of women aged between 30 and 34.9 years. Estimates are from multiple imputed data. a Models are adjusted for gestational age at visit, educational level, ethnicity, parity, folic acid supplement use, smoking habits, alcohol consumption, caffeine intake, body mass index at each visit and maternal stress. b Tests for trend were based on multiple linear regression models with maternal age as a continuous variable. The trends are differences in blood pressure per additional 10 maternal years.
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Maternal Age and Blood Pressure in Pregnancy significant association was present, but among overweight and obese women a small positive trend was present. A Swedish population-based cohort study among 10,666 nulliparous women aged 34 years or less, reported that maternal age was not associated with pregnancy-induced hypertension. 22 Two smaller studies, one among 400 Iranian women and one among 328 Kuwaitis women, reported that pregnancy-induced hypertension was more prevalent among women 40 years of age and older. 3, 23 Several studies assessed the association between maternal age and the risk of preeclampsia. In a French register-based study among 8,514 women aged <31 years, a lower risk of preeclampsia was observed for 16-year old women. 24 Three other studies did not observe an association between younger maternal age and the risk of preeclampsia. 22, 25, 26 The largest study was conducted among 854,377 Latin-American women. 26 One study, which assessed the risk of pregnancy complications among women aged 40 years or older and compared these with women aged 20-29 years, reported that there was an increase in the frequency of preeclampsia among the older women. 27 A similar result was found by the study conducted among 400 Iranian women. 3 We observed inconsistent results regarding the association of maternal age and the risk of preeclampsia. As compared to women aged 30-34.9 years, the risk of preeclampsia tended to be lower among women aged younger, but the test for trend was not significant. Also, our crude analyses did not show strong associations between maternal age and the risk of gestational hypertensive disorders (results not shown). In this study, we had a small number of cases of pregnancy-induced hypertension and preeclampsia, which might not only have caused a lack of power to detect significant differences between the age-groups, but might also indicate a selection toward a healthy population. An association between advanced maternal age and the risk of gestational hypertensive complications might be more apparent in high-risk populations. However, the suggested association of advanced maternal age with the risk of gestational hypertensive disorders by studies among more high-risk populations might also partly be explained by confounding factors. 3, 7, 22 Therefore, further research among high-risk populations is necessary. This large population-based cohort study showed that older maternal age is associated with lower second and third trimester systolic blood pressure, and higher third trimester diastolic blood pressure. These differences in blood pressure levels between younger and older women are small and well within the physiological range of blood pressure variability. They are of interest from an etiological perspective rather than from an individual clinical perspective. Maternal age is not consistently associated with the risks of gestational hypertensive disorders. Our results suggest that maternal body mass index might influence the association between maternal age and the risk of pregnancy-induced hypertension. Further studies are needed to explore whether an association is present among high-risk populations.
supplementary material is linked to the online version of the paper at http:// www.nature.com/ajh Values are odds ratios (95% confidence interval) that reflect the difference in risks of pregnancy-induced hypertension and preeclampsia in different age-groups compared to the reference group of women aged between 30 and 34.9 years. Estimates are from multiple imputed data. a Model is adjusted for educational level, ethnicity, parity, folic acid supplement use, smoking habits, alcohol consumption, caffeine intake, and maternal stress. b Model is also adjusted for prepregnancy body mass index. c A significant interaction term with prepregnancy body mass index was found for the association between maternal age and the risk of pregnancy-induced hypertension. d Tests for trend were based on multiple logistic regression models with maternal age as a continuous variable.
